State of stress within the basilar membrane: a re-evaluation of the membrane misnomer.
By deforming and making incisions in the basilar membrane (BM), von Békésy showed that the BM seems to behave as a thin elastic plate, rather than as a membrane. However, it has never been shown whether a traveling wave could be sustained by a prestretched material in which the tension is insufficient to cause a visible retraction of the cut edges of an incision when viewed with a light microscope. We have shown that the necessary radial tension would decrease exponentially along the cochlea, from a value of 39 +/- 9 N/m at the base, with a space constant of 4.3 +/- 1.1 mm, for the guinea pig. This variable tension would be produced by a constant prestretching surface force of 2.4 +/- 0.1 X 10(6) N/m2, acting on the BM edges. Using values of Young's modulus in the radial direction, ranging from that of elastin to collagen, it is shown that this force would most likely cause a visible retraction of the cut edges of an incision. Therefore one must either conclude, once again, that the BM is effectively an unstretched material or question the original interpretation of the incision experiments.